J 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



® Publication number: 



0 493 737 A1 



© 



® Application number: 91121597.8 
<§) Date of filing: 17.12.91 



EUROPEAN PATENT APPLICATION 

© Int. CIA C07K 15/00, A61 K 37/36 



® 


Priority: 19.12.90 JP 419168/90 . 


Kalcen Piiarm. Co., Ltd., 14 




2&05.91 JP 152517/91 


iVIinami-Kawara-machI 






Stiinomiya, Yamashina-lcu, Kyoto 607(JP) 


® 


Date of publication of application: 


Inventor: Hiyama, Yosliiyuld, c/o Kyoto 




08.07.92 Bulletin 92/28 


Researcli institute 






Kaken Pharm. Co., Ltd., 14 


® 


Designated Contracting States: 


l\^!naml-Kawara-maciil 




AT BE OH DE DK ES FR GB GR IT LI LU MC 


Shinomiya, Yamashina-ku, Kyoto 607(JP) 




NL SE 


Inventor: Tamura, Makoto, c/o Kyoto Researcti 






Institute 


0 


Applicant: KAKEN PHARI\1ACEUTICAL CO., 


Kaken Piiarm. Co., Ltd., 14 




LTD. 


IMinami-Kawara-machi 




No. 28-8, 2-chome, Honlcomagome 


Shinomiya, Yamashina-ku, Kyoto 607(JP) 




Bunlcyo-Ku 






Tokyo 11 3(JP) 


0 Representative: TUrk, GMIe, Hrabai 






Inventor: Hanada, Kelgo, c/o Kyoto Research 


Brucknerstrasse 20 




institute 


W-4000 DUsseidorf 13(DE) 



0 Agent for the treatment of bone diseases containing basic fibroblast growth factor. 



0 An object of the present Invention Is to provide a novel agent for the treatment of bone diseases which can 
shorten a period for curing various fractures Including acceleration of bone formation for bone defect, can 
Improve bone strength of united bones and can also improve reduced bone strength accompanied by various 
diseases. The agent comprises as an effective Ingredient a basic fibroblast growth factor and/or Its analogue. 

FIG. I 




BIST AVAILABLE COPY 

Rank Xerox (UK) Business Sen/ices 



EP 0 493 737 A1 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

5 The present invention relates to an agent for the treatment of bone diseases such as traumatic fracture, 
fatigue fracture, pathologic fracture, reduction In bone strength accompanied by various diseases, etc. 

STATEMENT OF THE PRIOR ART 

70 For the treatment of traumatic fracture or fatigue fracture, a method for reposing and fixing an injured 
site and then leaving to a natural healing-ability of the patient himself. In natural healing of fractured bone, 
bone union requires a number of days, e.g.. about 2 weeks for metacarpal bone, about 5 weeks for forearm 
bone and about 12 weeks for neck of femur, in average. In this case, pharmacological treatment is not 
. usually performed but nutritional treatment such as an administration of calcium, is done, if necessary and 

75 desired. 

Further in pathologic fracture resulted from osteoporosis, diabetes, etc., natural healing-ability of a 
patient is lowered and hence, in addition to the reposition and fixing of an injured site, pharmacological 
treatment, an administration of estrogen or calcitonin, etc.. is applied; or the above pharmacological 
treatment is performed in combination with the nutritional treatment. The pharmacological treatments or 

20 those in combination with nutritional treatment are also applied to the treatment of reduced bone strength 
resulted from diseases such as osteoporosis or diabetes. 

Under the actual situation that fracture treatment has been left to the natural healing-ability of the patient 
himself, development of an oral agent for accelerating fracture healing comprising 24.25-dihydroxycholecal- 
ciferol was recently reported: the agent is usable as a drug for shortening a period of fracture healing 

25 (Japanese Patent Application KOKAI No. 63-310828). Reports have been also made on aigents for the 
treatment of bone diseases such as an agent for accelerating bone formation, comprising rentinan 
(Japanese Patent Application KOKAI No. 63-17828), an agent for the treatment of bone diseases comprising 
at least one selected from the group consisting of chitin, chitosan and derivatives thereof (Japanese Patent 
Application KOKAI No. 63-156726), as new drugs for shortening a period for fracture healing or improving 

30 reduced bone strength accompanied by various diseases; or an agent comprising physiologically active 
ganglioside of retina, and the like (Japanese Patent Application KOHYO No. 63-502035). 

The basic fibroblast growth factor (hereinafter abbreviated as bFGF) is a peptidic cell growth factor 
which was confirmed to be present in pituitary, brain, retina, corpus luteum, adrenal, kidney, placenta, 
prostate and thymus. It is known that bFGF includes the proliferation of mesodermal cells including vascular 

35 endothelial cells ["Cell Growth Factor Part 11", edited by Tissue Culture Association, Japan, pages 15 to 20, 
published by Asakura Publishing Co.). In recent years, bFGF is also isolated from cartilage and bone 
[J.B.C., 260, 2399-2403 (1 985); ibid., 261 , 1 2665-1 2674 (1 986)]. 

It was expected that the bFGF would effectively accelerate the fracture healing, since bFGF evokes a 
proliferation of mesodermal cells including vascular endothelial cells and is present in cartilage or bone. The 

40 in vivo test on bone formation reveals that bFGF accelerates bone formation only in combination with 
decilcified bovine bone containing a bone growth factor [Act. Orthop. Scand., 60. 473-476 (1989)]. bFGF 
has a high structural similarity to an acidic fibroblast growth factor which accelerated callus formation in 
fractured ends at the early stage of fracture healing but inhibited the matrix synthesis of cartilage or bone 
and was thus evaluated to be inferior to control group, in bone strength at the site of callus formation [J. 

45 Orthopaedic Res., 8, 364-371 (1990)]. bFGF is also recognized to have a high similarity to the acidic 
fibroblast growth factor in view of the action in vivo. 

In the trend of the studies on bFGF as described above, the present inventors have developed drugs for 
the first time, which can accelerate callus formation at a fracture site by application of bFGF alone, 
accelerate bone formation for bone defect, promote bone union, improve the strength at a fracture site and 

50 increase the bone strength. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the actual situation of af rementioned treatment for 
55 bone diseases, and an object of the present invention is to provide a novel agent for the treatment of bone 
diseases which can shorten a healing period of various fractures including acceleration of bone formation for 
bone defect, improve bone strength of fused bones and also Improve reduced bone strength accompanied 
by various diseases. 
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As a result of extensive investigation to accomplish the aforesaid object, the present inventors have 
succeeded in developing useful drugs as agents for the treatment of bone diseases using a basic fibroblast 
growth factor (bFGF) and have come to complete the present invention. 

That is, the agent for the treatment of bone diseases of the present invention is characterized by 
5 comprising as an effective ingredient a basic fibroblast growth factor (bFGF) and/or an analogue thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a soft X-ray photograph (x 2.3 times) of fractured bone (left fibula) in Group B of Example 
10 1 three weeks after fracture in Example 1. 

Fig. 2 shows a soft X ray photograph (x 2.3 times) of fractured bone (left fibula) in the control group 
three weeks after fracture in Example 1 . 

Fig. 3 shows a soft X ray photograph (x 2.3 times) of fractured bone (left fibula) in Group B of Example 
3 three weeks after fracture in Example 3. 
75 Fig. 4 shows a soft X ray photograph (x 2.3 times) of fractured bone (left fibula) in Control Group B 
three weeks after fracture in Example 3. 

Fig. 5 shows a microscopic photograph (x 32, taken from the subject showing conspicuous bone 
formation) of a sliced tissue section of the defect of (right tibila) in Group of Example 4 one week after bone 
defect in Example 4. 

20 Fig. 6 shows a microscopic photograph (x 32, taken from the subject showing slight bone formation) of 
a sliced tissue section of the defect (right tibila) in Control Group 4B one week after bone defect in Example 
4. . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

Hereinafter the present invention is described in detail. 

bFGF as the effective ingredient of the agent for the treatment of bone diseases in accordance with the 
present invention is a well known growth factor as described above and its presence is confirmed in human, 
bovine, mouse, rat, etc. Basically, bFGF from any animal origin has the same activity in vivo. However, 
30 where the agent of the present invention for the treatment of bone diseases is applied to human, it is 
particularly preferred to use bFGF having the same amino acid sequence as that of bFGF produced in 
human body (hereinafter referred to as human bFGF), in view of antigenicity. 

Further In the agent of the present invention for the treatment of bone diseases, the analogue of bFGF 
may be also used. Herein the bFGF analogue is used to refer to polypeptide of (1) or (2) described below. 
35 (1) Polypeptide comprising substantially the same amino acid sequence as that of bFGF produced in 
specific mammal. The substantially the same amino acid sequence refers to an amino acid sequence in 
which 1 to 6 amino acids are substituted with different amino acids and maintain the biological activity of 
bFGF. 

(2) Polypeptide In which a supplemental amino acid segment(s) is/are added to bFGF produced in 
40 specific mammal at the N terminus and/or the C terminus, or to the polypeptide (1) described above at 
the N terminus and/or the C terminus. The supplemental amino acid segment refers to a segment which 
comprises 1 to 12 amino acids and does not damage the biological activity of bFGF or the biological 
activity of the polypeptide (1) described above. 

Human bFGF is a polypeptide comprising 146 amino acids shown by Sequence No. 1 in Table 1 
45 attached. In the agent of the present invention for the treatment of bone diseases, for example, a 
polypeptide comprising 146 amino acids shown by Sequence No. 2 in Table 2 attached may be also used 
as the analogue of human bFGF (analogue of the polypeptide (1) described above). In the polypeptide of 
Sequence No. 2, 69 cysteine (Cys) and 87 cysteine (Cys) which constitute the amino acid sequence of 
human bFGF are substituted with serine (Ser), respectively. 
50 As the analogue of polypeptide (2) described above, for example, a polypeptide comprising 154 amino 
acids shown by Sequence No. 3 in Table 3 may be also used. In the polypeptide, a segment comprising 8 
amino acids is added to human bFGF at the N terminus. Furthermore, for example, a polypeptide 
comprising 153 amino acids shown by Sequence No. 4 in Table 4, in which a segment comprising 7 amino 
acids is added to human bFGF at the N terminus, may be also used as the analogue of polypeptide (2) 
55 described above. Similariy. a polypeptide comprising 147 amino acids added with Met at the N terminus or 
a polypeptide comprising 157 amino acids added with a segment comprising 11 amino acids shown by 
Sequence No. 5 in Table 5 attached at the N terminus may be also used. 

In the agent of the present invention for the treatment of bone diseases, bFGF and its analogues may 



3 



EP 0 493 737 A1 



be used singly or in combination. The bFQF analogues include a plurality of sut>stances. These analogues 
may be also used singly or in combination. 

In order to supply the agent of the present invention for the treatment of bone diseases stably in an 
Industrial scale, it is particularly preferred to produce bFGF or its analogues in a microorganism such as E. 
5 coll. etc. or in a cultured cell by genetic recombination technology, since bFGF is present in vivo in ah 
exTremely trace amount. 

The agent of the present Invention for the treatment of bone diseases comprises as an effective 
Ingredient bFGF and/or Its analogue described above. Specific forms of the agent Include a solution 
comprising bFGF and/or Its analogue, physiological saline or other conventional auxiliary agents (glucose. 
10 sucrose, buffer, etc.), an injection or a spray using the solution, a gel, an ointment, etc. The agent of the 
present invention for the treatment of bone diseases may take a route of topical application or general 
application, but topical application is particularly preferred. 

The agent of the present invention for the treatment of bone diseases Is applicable to A through E 
described below. 
15 A. Various traumatic fractures • 

B. Various fatigue fractures 

C. Pathologic fracture 

a. Fracture accompanied by osteoporosis primary osteoporosis (senile, postmenopausal, juvenile) 
secondary osteoporosis {(hyperthyroidism, Cushing's syndrome (caused by steroid administration), 

20 acromegalia, hypogonadism [hypopituitarism, Kllnfelter's syndrome, Turner's syndrome], osteogenesis 

Imperfecta, hypophosphatasia, homocystinuria, Immobilization osteoporosis, diabetes} 

b. Fracture accompanied by osteomalacia 

c. Fracture accompanied by malignant tumor 

d. Fracture accompanied by multiple myeloma 

25 e. Fracture accompanied by osteogenesis inperfect acongenita 

f. Fracture accompanied by osteocystoma 

g. Fracture accompanied by suppurative osteomyelitis 

h. Fracture accompanied by osteopetrosis 

i. Fracture accompanied by nutrition disorder 

30 D. Reduction in bone strength accompanied by various diseases (e.g., diseases shown in C. above) 
E. Inhibition of bone formation accompanied by various diseases (e.g., diseases shown in C. above) 
An effective dose of the agent for the treatment of bone diseases in accordance with the present 
invention varies depending on kind of application, degree of bone diseases, age or condition of the patient, 
etc. but Is generally in the range of about 0.1 ug to 10 mg/fracture site, as the effective Ingredient, in the 
35 case of fracture. Generally for the purpose of accelerating healing, a particularly preferred route for 
application is to administer the agent in direct contact with the fracture site. However, the agent may also be 
subcutaneously applicable or directly injectable around the fracture site. 

The agent for the treatment of bone diseases In accordance with the present invention may be also 
applied to the treatment of bone diseases of domestic animal, pet mammal, raised wild animal, etc. In this 
40 case, for example, bovine bFGF and/or its analogue may be used. The same preparation forms and 
effective dose as in the case of human may apply. 

Hereinafter the present invention is described with reference to the examples. 

Example 1 

45 

Five (5) to six (6) SD strain male rats (weighing 300 to 325 g) of 10 weeks age were grouped in one, 
and 9 groups in total were prepared. Sodium pentobarbital solution (concentration of 50 mg/ml, trademark: 
NENBUTAL, manufactured by Dainippon Pharmaceutical Co., Ltd.) was intraperitoneally administered to 
each animal in a dose of 0.20 ml to anesthesize. Then, the hair at the left lower limb was cut and the skin 
50 and the muscular layer were Incised In a length of 1 cm to expose the fibula. The fibula was cut out at the 
center, using bone scissors. 

The 3 groups were used as control groups. After the cut fibula was reposed with tweezers, 36 ul of 0.1 
M phosphate buffered saline was dropped onto the reposed site and the incised skin was sutured. After 
diluted Iodine tincture was applied to the wound after operation, 0.1 ml of 10-fold physiological saline 
65 dilution of sodium penicillin G-streptomycin sulfate solution [penicillin concentration of 10000 U/ml. strep- 
tomycin concentration of 10000 ug/ml. manufactured by Gibco Co.] was subcutaneously administered. 

The remaining 6 groups were used as the groups of this Invention. In 3 groups (hereinafter referred to 
as Group A of Example 1) out of the 6 groups, 36 ul of a human bFGF solution (concentration: 0.5 ug/ml) 
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was dropwise applied to each animal, instead of 36 ul of 0.1 M phosphate-buffered saline. Said hunnan 
bFGF solution was previously prepared by diluting with 0.1 M phosphate-buffered saline, a solution 
(concentration of 3.3 mg/ml) of human bFGF (polypeptide shown by Sequence No. 3 in Table 3 attached; 
hereinafter human bFGF refers to this polypeptide throughout the specification) expressed in E. coli, which 
had been obtained by genetic recombination technology. Thereafter the groups were otherwise treated in a 
manner similar to the control groups. 

In the remaining 3 groups of this invention (hereinafter referred to as Group B of Example 1), 36 ul of a 
human bFGF solution (concentration: 50 ug/ml) obtained by diluting a solution (concentration: 3.3 mg/ml) of 
human bFGF with 0.1 M phosphate-buffered saline was dropwise applied to each animal, instead of 36 ul of 
the human bFGF solution (concentration: 0.5 ug/ml) used in Group A of Example 1, and the groups were 
treated othen/vise in a manner similar to Group A of Example 1 . 

Each one group was chosen from the control groups (3 groups in total). Group A of Example 1 (3 
groups in total) and Group B of Example 1 (3 groups in total) every 1 , 2 and 3 other weeks after fracture. 
Each animal in the groups chosen was anesthesized with ether and bled from the carotid artery to death. 
The right and left leg bones were withdrawn and immediately immersed in 10% neutral formalin buffer to fix 
them. 

Using these fixed specimens, the following items were determined. 

(a) Determination of cross sectional area of fractured callus 

After fixing with 10% neutral formalin buffer, photographs of the leg bones (tibia and fibula) were taken 
by soft X rays (trademark of equipment used: SOFTEX-CMB, manufactured by Japan Softex Co., Ltd., 
conditions: 24-30 kV, 1-3 mA) to prepare soft X ray pictures. From the pictures, photographs enlarged to 10 
times with a stereoscopic microscope were prepared. Based on these photographs, the cross sectional area 
25 of callus was determined using an image analysis device [trademark: Oscondigitizer Model SQ-3100F, 
manufactured by PHOTORON Co.]. 

(b) Determination of callus volume 

30 After fixing with 10% neutral formalin buffer, the volume of the left and right fibulae (left: fractured bone, 
right: normal bone) was determined, respectively, with a device for measuring volume [trademark, 
PLETHYSMOMETER, manufactured by Ugo Basile Co., Ltd.]. A value obtained by subtracting the measure- 
ment data of the right fibula from that of the left fibula was determined to be the volume of callus. 

36 (c) Determination of bone mineral content (BMC) and bone mineral density (BMD) of fractured callus 

After fixing with 10% neutral formalin buffer, BMC of the left and right fibulae (left: fractured bone, right: 
normal bone) was determined, respectively, with a device for measuring BMC [trademark. Model DCS-600, 
manufactured by Aloka Co., Ltd.]. A value obtained by subtracting the measurement data of the right fibula 
. 40 from that of the left fibula was determined to be the BMC of callus. Furthermore, BMD of the left and right 
fibulae were determined, respectively, using the same device and BMD was determined in a manner similar 
to the case of the BMC of callus. 

(d) Biomechanical analyses for fractured fibula 

After the left and right fibulae were withdrawn 3 weeks after fracture and fixed in 10% neutral formalin 
buffer, break energy in the specimens thus obtained was determined, with a device for measuring bone 
metabolism [trademark, RHEOROMETER MAX, manufactured by lio Electric Co., Ltd.]. Furthermore, a ratio 
(percentage) in bone strength of the left fibula (fractured bone) to that of the right fibula (normal bone) was 
determined as an increment of bone strength. 

(e) Histological examination 

After fixing In 10% neutral formalin buffer for a week, the left and right fibulae were decalcified with 
55 10% EDTA (ethylenediamine tetraacetate) solution for 10 days, respectively. After decalcification, the bones 
were washed with water for 12 hours and embedded in paraffin in a conventional manner, from which sliced 
tissue sections each having a thickness of 1 to 4 um were prepared by a microtome, respectively. Then, 
each specimen was stained with hematoxylin-eosine. The stained specimens were microscopically exam- 
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ined and pictures of them were taken. 

In these results, the results on measurements of cross sectional area, volume, BMC, and BMD of callus 
and the results of test on bone strength of the fractured bones are shown in Table 1 . 
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As is evident from Table 1 . the cross sectional area of callus and callus volume one week after fracture 
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increased in Group A of Exannple 1 and Group B of Example 1, as compared to tlie cross sectional area of 
callus and callus volume in the control groups. On and after one week, both the cross sectional area of 
callus and callus volume gradually decreased both in the groups of this invention and in the control groups, 
but the cross sectional area of callus and callus volume were larger in the groups of this invention even 3 
5 weeks after. These results reveal that the agent of the present invention for the treatment of bone diseases 
accelerates the callus formation. 

Further with respect to BMC and BMD of fractured callus, no remarkable difference was noted between 
the groups of the present invention and the control groups one week after fracture. In the groups of the 
present invention, however, both BMC and BMD Increased to about 2.3 times that of the control groups. 
10 These results reveal that the agent of the present invention for the treatment of bone diseases has an 
excellent effect on fracture healing. This is also evident from the fact that in Groups A and B of Example 1, 
the increment in the test on bone strength after 3 weeks is higher than In the control groups. 

Furthermore, the above mentioned higher increment in the test on bone strength indicates that the 
agent of the present Invention for the treatment of bone diseases is excellent in the activity of improving the 
76 bone strength or the strength at the fracture site of bone. ( 



The results stated above are clear also from the soft X-ray photographs, some of which are attached as 
the drawings. 

In the soft X-ray photograph in Group B of Example 1 taken one week after fracture, a large callus 

image is noted and the formation of new bone having weak transmlttance is recognized beneath the 
20 periosteum around the fractured site of fibula. Turning to a soft X-ray photograph in the control group taken 

one week after fracture, the formation of callus having strong transmission is noted but its area is smaller 

than in Group B of Example 1. 

Fig. 1 shows a soft X-ray photograph in Group B of Example 1 taken 3 weeks after fracture. In the 

photograph, the transmission of callus decreases indicating that new bone formation is markedly acceler- 
25 ated. Turning to Fig. 2 which shows a soft X-ray photograph of the control group taken 3 weeks after 

fracture, decreased transmission of callus means a formation of new bone but its degree is smaller than in 

Group B of Example 1 . 

It is also evident from the results of histopathological survey that the agent of the present invention for 
the treatment of bone diseases promotes callus formation and exhibits an excellent effect on bone 
30 formation. 

That is, as is clear from a microscopic photograph (x 5 times) of the sliced tissue sections, proliferation 
of cartilage, proliferation of osteogenic mesenchymal cells derived from periosteum, etc., and formation of 
fibrous new bone around fractured site are remarkable. On the other hand, as is clear from a microscopic 
photograph in the control group one week after fracture, proliferation of cartilage, proliferation of osteogenic 

35 mesenchymal cells, and formation of fibrous new bone around fractured site are also noted in the control 
group one week after fracture but their degrees are smaller than in Group B of Example 1. 

Further as is clearly seen from a microscopic photograph in Group B of Example 1 three weeks after 
fracture, osteogenic mesenchymal cells showed marked proliferation within an enlarged callus and the 
fracture ends are united by a number of newly formed fibrous bones but cartilage slightly remains around 

40 fracture site. Formation of marrow cavity is also noted between the fibrous new bones. On the other hand, 
as is clear from a microscopic, photograph in the control group 3 weeks after fracture, callus itself is small 
and formation of cartilage is poor in the control group 3 weeks after fracture. In addition, the fracture ends 
are still separated by cartilage. 

45 Example 2 

Firstly, five (5) to six (6) SD strain male rats (weighing 300 to 325 g) of 10 weeks age were grouped in 
one and 6 groups in total were prepared. In the same manners as in Example 1, sodium pentobarbital 
solution (concentration of 50 mg/ml, trademark: NEMBUTAL, manufactured by Dainippon Pharmaceutical 

50 Co., Ltd.) was intraperitoneally administered to each animal In a dose of 0.20 ml to anestheslze. Then, the 
hair at the left lower limb was cut and the skin and the muscular layer were incised in a length of 1 cm, 
respectively, to expose the fibula. The fibula was cut out at the center using bone scissors. 

Two groups out of the 6 groups were used as control groups and treated In a manner similar to the 
control groups in Example 1 . 

55 The remaining 4 groups were used as the groups of this invention. In 2 groups (hereinafter referred to 
as Group A of Example 2) out of the 4 groups, 36 ul of a human bFGF solution (concentration: 1 ug/ml) 
obtained by diluting with o.1 M phosphate-buffered saline, a solution (concentration: 3.3 mg/ml) of human 
bFGF prepared in a similar manner to Example 1 was dropwise applied to each animal, instead of 36 ui of 
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the human bFGF solution (concentration: 0.5 ug/ml) used in Group A of Example 1, and the groups were 
treated otherwise in a manner similar to Group A of Example 1 .. 

In the remaining 2 groups of this invention (hereinafter referred to as Group B of Example 2), 36 ul of a 
human bFGF solution (concentration: 100 ug/ml) obtained by diluting with 0.1 M phosphate buffered saline, 
5 a solution (concentration: 33 mg/ml) of human bFGF prepared in a similar manner to Example 1 was 
dropwise applied to each animal, instead of 36 ul the human bFGF solution (concentration: -1 ug/ml) of used 
in Group A of Example 2, and the groups were treated otherwise In a manner similar to Group A of Example 
2. 

Each one group was chosen from the control groups (2 groups in total), Group A of Example 2 (2 

10 groups in total) and Group B of Example 2 (2 groups in total) every 1 and 3 other weeks after fracture. The 
right and left leg bones were treated in a manner similar to Example 1 to prepare specimens fixed in 1 0% 
neutral formalin buffer. 

Then, the cross sectional area of callus, callus volume, BMC and BMD of callus were determined in a 
manner similar to Example 1 . These measurement results are shown in Table 2. 



15 



20 



25 



30 



35 



40 



Cross 
sectional 
area of ^ 
callus (mm ) 

Group A of Example 2 
(1 ug of bFGF): 

1 week 9.5+2.6 

3 weeks 7.9+1.7 

Group B of Example 2 
(100 Mg of bFGF) : 

1 week 10.5+1.3 

3 weeks 8.7+1.5 

Control group: 

1 week 6.7+1.2 

3 weeks 5.6+0.7 



Table 2 



Callus 
volume 



(mm^) 



BMC Of 
callus 
(mg) 



58.5+22.9 4.3+0.5 

26.5+7.0 4.6+2.2 

49.5+7.5 2.5+1.5 

24.5+7.5 9.4+1.3 

32.0+4.0 0.6+0.5 

13.6+8.4 3.0+1.6 



BMD of 
callus2 
(mg/cm ) 



3.9+0.4 
6.4+3.0 

3.0+2.0 
9.6+2.1 

1.4+0.9 
3.3+1.8 



45 



50 



*: Numerical values in the table indicate: 

(mean value in the group) + (standard deviation) 



As is evident from Table 2, the measurement results in Example 2 have the same tendency as those in 
Example 1. indicating that the agent of the present invention for the treatment of bone diseases accelerates 
callus formation and excellent effect on fracture healing. 

55 Example 3 

Firstly, many male rats of SD strain (weighing 300 to 325 g) of 10 weeks age were prepared and a 
solution of streptozotocin (concentration of 40 mg/ml) in sodium citrate buffer (pH = 4.9) was intravenously 
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administered through the tail vein in a dose of 0.1 ml/100 g of body weight. 

Then, one week after the administration of streptozotocin, blood sugar level of each animal was 
determined by the method for measuring absorbance using a blood sugar measurement kit (trademark: 
NEW BLOOD SUGAR TEST, manufactured by Boehrlnger Yamanouchi Co., Ltd.). Rats showing a blood 
5 sugar level of 250 mg/dl or more were chosen as model rats for diabetes. Five (5) or six (6) rats were 
divided into one group and 8 groups in total were prepared. 

Further five (5) or six (6) SD strain male rats (weighing 300 to 325 g) of 10 weeks age were grouped in 
one, and 2 groups . in total were prepared for non-diabetes control group. 

Then the left fibula was cut out at the center using bone scissors in a manner similar to Example 1 . 
10 Among 8 groups of model rats for diabetes, 4 groups were made control. With respect to each animal 
in 2 groups (hereinafter referred to as Control Group A) out of these 4 groups, the cut fibula was reposed 
with tweezers followed by suture of the Incised skin, application of diluted Iodine tincture to the wound In 
operation and subcutaneous administration of 10-fold dilution of sodium penicillin G-streptomycin sulfate 
with physiological saline to the sutured site in a manner similar to Example 1. 
76 In the remaining 2 groups (hereafter referred to as Control Group B) in the control groups, 36 ul of the 
gel of 0.1 M phosphate buffer (pH 6.5) containing fibrinogen, aprotinin and thrombin in concentrations of 
41.6 mg/ml. 0.41 mg/ml and 33.3 U/ml, respectively, were dropwise applied to each animal, instead of 36 ul 
of 0.1 M phosphate-buffered saline in the control group of Example 1 . The groups were treated otherwise In 
a manner similar to the control group of Example 1. 
20 The remaining 4 groups of model animals for diabetes were made the groups, of this invention. In 2 
groups (hereinafter referred to as Group A of Example 3) out of the 4 groups, 36 ul of the gel further 
containing 0.5 ug/ml of human bFGF was dropwise applied to each animal, instead of 36 ul of the gel in 
Control Group B. The animal was treated othenwise in a manner similar to Control Group B. 

In the remaining 2 groups of this invention (hereafter referred to as Group 8 of Example 3), 36 ul of the 
25 gel further containing 0.5 ug/ml of human bFGF was dropwise applied to each animal, instead of 36 ul of 
the gel in Control Group B. The animal was treated otherwise in a manner similar to Control Group B. 

Each one group was chosen from Control Group A (2 groups in total), Control Group B (2 groups in 
total), Group A of Example 3 (2 groups in total), Group B of Example 3 (2 groups In total) and non-diabetes 
control groups (2 groups in total) every 1 and 3 other weeks after fracture. The right and left leg bones were 
30 treated in a manner similar to Example 1 to prepare specimens fixed In 10% neutral formalin buffer. 

Then, volume, BMC and BMD of fracture callus were determined in a manner similar to Example 1. 
Furthermore, histopathological examination was performed. In these results, the measurement data on the 
cross sectional area of callus, volume, BMC and BMD of callus are shown in Table 3. 

35 



40 



45 



so 



55 
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Table 3 



BMC of BMD of 



Callus-volume callus callus2 
(mm ) (mg) (mg/cm ) 



Group A of Example 3 
(0.5 yg of bFGF): 



1 week 27.2+11.5 2.3+1.0 1.9+1.0 

3 weeks 6.5+3.0 2.6+0.2 2.8+1.3 

Group B of Example 3 * 
(50 Mg of bFGF) : 

1 week 51.6+8.1 4.2+1.5 3.9+1.2 

3 weeks 26.0+5.8 7.8+2.0 11.3+1.7 

Control group A: 

1 week 17.2+4.6 0.2+0.1 0.4+0.2 

3 weeks (e.lO)*"'- (1.3,1.2)*"'' (3.1,1.7)*"^ 

Control group B: 

1 week . 15.5+8.0 2.6+0.1 2.7+0.5 

3 weeks 6.0+2.0 1.7+0.5 2.5+0.9 

Non-diabetes control group: 

1 week 26.3+7.2 2.2+1.4 1.9+0.8 

3 weeks 11,3+3.5 4.2+2.2 4.6+2.2 

*: Numerical values in the table indicate: 

(mean value in the group) + (standard deviation) 

*1: Each measurement value of the two animals 



As Is evident from Table 3, the measurement results in Example 3 have the same tendency as those in 
Example 1 and Example 2. The results reveal that the agent of the present invention for the treatment of 
bone diseases accelerates callus formation and excellent bone formation effect also in model rats for 
diabetes. Therefore, the agent of the present invention for the treatment of bone diseases has the activity of 
accelerating callus formation and exhibits excellent bone formation effect also in pathologic fracture. 

These effects are evident also from soft X-ray photographs, some of which are attached as the 
drawings. 

In a soft X-ray photograph in Group B of Example 3 one week after fracture, a large callus image is 
noted, whereas the callus image noted in a soft X-ray photograph in Control Group B one week after 
fracture is small and formation of callus is very poor. 

Further in a soft X-ray photograph (3 weeks after fracture) of Group B of Example 3 which is attached 
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as Fig. 3, formation of many bones are noted in a large callus, indicating the sign that union of the fracture 
site has started. To the contrary, no marked enlarge of callus Is noted in a soft X-ray photograph (3 weeks 
after fracture) in Control Group B which Is attached as Fig. 4. Union at the fracture site is not noted, either. 
It Is evident also from histopathologlcal examination that thie agent of the present invention for the 
5 treatment of bone diseases promotes callus formation and an excellent effect on fracture healing also in 
diabetic animal model. 

That is, as is clearly seen from the microscopic photograph (x 5 times) of sliced tissue sections, callus 
formation, cartilage formation and proliferation of osteogenic mesenchymal cells are remarkable in Group B 
of Example 3 one week after fracture. To the contrary, in a microscopic photograph of sliced tissue section 

10 in Control Group B taken one week after fracture, callus formation, cartilage formations, and proliferation of 
osteogenic mesenchymal cells are also noted in Control Group B one week after fracture but cartilage and 
osteogenic mesenchymal cells are poorer than in Group B of Example 3. 

Further as is clear from the microscopic photograph of sliced tissue section, the fracture ends are still 
separated by cartilage or mesenchymal cells in Group B of Example 3 three weeks after fracture, but 

15 formation of new fibrous bones is remarkable and the fracture site has begun to be united from the 
periphery of callus. To the contrary, as is clear from a microscopic photograph of sliced tissue section, In 
Control Group B taken three weeks after fracture, the fracture site Is still separated by the connecting tissue 
including osteogenic mesenchymal cells, and fromation of cartilage and fibrous new bones are poor. 

20 Example 4 

Firstly five (5) SD strain male rats (weighing 300 to 325 g) of 10 weeks age were grouped in one. and 
two groups were prepared. Prednisolone was subcutaneously administered to each animal of these groups 
twice every other day In a dose of 25 mg/kg (as 0.5% carboxymethyl cellulose aqueous solution). These 

25 groups are hereinafter referred to as steroid-administered rat groups. On the day following the second 
administration, each animal was operated as described below to prepare model rat with bone defect. 

Furthermore, five (5) SD strain male rats (one group, weighing 300 to 325 g) of 10 weeks age were 
separately prepared. The 0.5% carboxymethyl cellulose aqueous solution was subcutaneously administered 
to each animal of these groups twice every other day instead of prednisolone described above. This group 

30 is hereinafter referred to as non-steroid-administered rat group. On the day following the second administra- 
tion, each animal was operated as described below to prepare model rat with bone defect. 

Operation (model rat with bone defect) 

35 After each animal was anesthesized in a manner similar to Example 1 , the hair at the right lower limb 
was cut and the skin and the muscular layer were incised in a length of 1 cm to expose the front of the 
tibia. Then a hole having a diameter of 1.6 mm which reached the bone marrow was made using a dental 
drill, at the site of 1 cm from the tibial condyle of each animal, to prepare model animal with bone defect. 
After the operation, 2 ill of the gel prepared from fibrinogen, aprotinin and thrombin prepared In a 

40 manner similar to Example 3 was dropwise applied to the bone defect site (hole made by a dental drill; 
hereinafter the same) of each animal in the non-sterold-administered rat group (hereinafter referred to as 
Control Group 4A) and in one steroid-administered rat group (hereinafter referred to as Control Group 4B) of 
each animal. After the application, the incised skin was sutured and diluted iodine tincture was applied to 
the wound after operation. Then a solution of penicillin G-streptomycin sulfate solution was subcutaneously 

45 given to the sutured site In a manner similar to Example 1 . 

In the remaining one steroid-administered rat group (hereafter referred to as Group of Example 4), 2 ul 
of the gel further containing 2 ug of human bFGF was dropwise applied (dose of human bFGF: 2 ug/bone 
defect site) to the bone defect site of each animal, instead of the gel applied to Control Group 4A. After the 
application, each animal was treated as in Control Group 4A. 

50 After the operation, prednisolone was subcutaneously administered to each animal in Group of Example 
4 and in Control Group 4B in the dose described above, three times in total on the next day and Days 3 
and 5 after the operation. In Control Group 4A, 0.5% carboxymethyl cellulose aqueous solution was 
subcutaneously administered In the dose described above to each animal three times in total on the next 
day and Days 3 and 5 after the operation. 

55 One week after the operation, a specimen of the right tibila from each animal which had been fixed in 
10% neutral formalin buffer was prepared In a manner similar to Example 1. After a sliced tissue section 
was prepared in a manner similar to Example 1, each specimen was subjected to Masson's trichrome 
staining. The specimen was microscopically examined histopathologically and photographed. The results of 
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histopathologica) examination is shown in Table 4. 

Table 4 

5 

Degree of bone formation* 
(number of animal) 







- or + 


++ 


+++ 


10 


Group of Example 4 


0 


3 


2 




Control group 4 A 


0 


1 


4 




Control group 4B 


4 


1 


0 



* Symbols in the degree of bone formation denote the 
following: 

20 - : no bone formation 

+ : slight bone formation 

++ : moderate bone formation 

25 

+++ : remarkable bone formation 

As Is clear from Table 4, moderate or remarkable bone formation was noted at the bone defect site of 

30 each animal in Group of Example 4, namely, the steroid-treated rat group administered with human bFGF. 
To the contrary, bone formation was hardly noted at the bone defect site in many rats in Control Group 4B, 
namely the steroid-treated rat group to which no human bFGF had been administered. On the other hand, 
natural healing proceeded nornaaliy in Control Group 4A which was the non-steroid-treated rat group and 
bone formation was markedly noted at the bone defect site in many rats. These results reveal that the agent 

35 of the present invention for the treatment of bone diseases has an excellent effect of accelerating bone 
formation also at the bone defect site of rat treated with steroid (corresponding to model animal with 
dysfunction of bone formation). 

The above results are noted more clearly by comparing microscopic photographs (x 10 times) of sliced 
tissue sections in the respective groups, some of which are attached as the drawings. 

40 Comparing, for example, the microscopic photograph (of animal showing remarkable bone formation) in 
Group of Example 4 which is attached as Fig. 5 and the microscopic photograph (of animal showing 
moderate bone formation) in Group of Example 4 which is not attached with the microscopic photograph (of 
animal showing slight bone formation) in Control Group 4B which is attached as Fig. 6, slight new bones are 
merely noted at the bone defect site of the microscopic photograph of Control Group 4B shown in Fig. 6. 

45 whereas large amounts of new bones are noted at the bone defect site of the microscopic photograph of 
Group of Example 4, shown in Fig. 5 and of the microscopic photograph of Group of Example 4 which is 
not attached. Further comparison between the microscopic photograph shown in Fig. 5 and the microscopic 
photograph (of animal showing remarkable bone formation) in Control Group 4A which is not attached 
reveals that Fig. 5 shows healing image almost equal to that of the microscopic photograph of Control 

so Group 4A not attached. From these results, it is evident that the agent of the present invention for the 
treatment of bone diseases possesses the excellent effect of accelerating bone formation. 

Example 5 

55 In addition to human bFGF, the gel of human bFGF analogue (polypeptide shown by Sequence No. 3 in 
Table 3 attached in amino acid sequence of which 69 cysteine (Cys) and 87 cysteine (Cys) are substituted 
with serine (Ser), respectively) obtained from E. coli by genetic recombination technology was used. 
Volume, bone mineral content (BMC) and bone mFneral density (BMD) of fracturee callus were assessed in 
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a similar manner to tlie case of Example 3. 

These results (3 weeks after fracture) were presented in Table 5. 

Table 5 





Callus volume 


BMC of callus 


BMD of callus 




(n) (mm^) 


(mg) 


(mg/cm^) 


Group A of Example 5 (50 ug of bFGF): 


20.2±7.;2(6) 


7.1 ±0.6 


9.812.1 


Group B of Example 5 (50 ug of bFGF anologue): 


22.3±6.1(5) 


6.911.1 


9.112.8 


Control group A: 


6.8±3.8(5) 


2.611.5 


2.411.3 


Control group B: 


10.4+4.5(5) 


2.911.7 


4.112.1 


Non-diabetes control group: 


8.8±2.2(5) 


4.212.6 


5.814.0 



10 



15 



As is clear from Table 5, volume, BMC and BMD of bFGF analogue group (Group B of Example 5) were 
as large as those of bFGF group (Group A of Example 5), indicating that human bFGF analogue has an 
equivalent effect to bFGF of the present invention. 



20 



25 



Toxicity 

Six (6) male mice weighing 22 to 25 g were grouped in one, and a plurality of groups were subjected to 
test on toxicity. Human bFGF solution (concentration of 3.3 mg/ml) equivalent to those used in Examples 1 
through 4 was subcutaneously administered to each animal in a dose corresponding to the body weight. 
Based on mortality 72 hours after, LD50 value was determined. 

As the result, the LD50 value of human bFGF was 75 mg/kg or more. 

As stated above, according to the present Invention, there is provided a novel agent for the treatment of 
bone diseases which can shorten the healing period of various fractures including acceleration of bone 
formation for bone defect, and can improve reduced bone strength accompanied by various diseases. 
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Table 1 

Sequence No.l 

Length of sequence : 146 

Type of sequence : Amino acids 

Sequence 

Pro Ala Leu Fro Glu Asp Gly Gly Ser Gly Ala Phe Pro Pro Gly 
15 10 15 

His Phe Lys Asp Pro Lys Arg Leu Tyr Cys Lys Asn Gly Gly Phe 
20 25 30 

Phe Leu Arg lie His Pro Asp Gly Arg Val Asp Gly Val Arg Glu 
35 40 45 

Lys Ser Asp Pro His lie Lys Leu Gin Leu Gin Ala Glu Glu Arg 
50 55 60 

Gly Val Val Ser lie Lys Gly Val Cys Ala Asn Arg Tyr Leu Ala 
65 70 75 

Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val Thr Asp 
80 85 90 

Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn Thr 
95 100 105 

Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg 
110 115 120 

Thr Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys 
125 130 135 

Ala lie Leu Phe Leu Pro Met Ser Ala Lys Ser 
140 145 
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Ta b 1 e 2 

Sequence No .2 

Length of sequence : 146 

Type of sequence : Amino acids 

Sequence 

Pro Ala Leu Pro Glu Asp Gly Gly Ser Gly Ala Phe Pro Pro Gly 
I 5 10 15 

His Phe Lys Asp Pro Lys Arg Leu Tyr Cys Lys Asn Gly Gly Phe 
20 25 30 

Phe Leu Arg lie His Pro Asp Gly Arg Val Asp Gly Val Arg Glu 
35 40 45 

Lys Ser Asp Pro His lie Lys Leu Gin Leu Gin Ala Glu Glu Arg 
50 55 60 

Gly Val Val Ser lie Lys Gly Val Ser Ala Asn Arg Tyr Leu Ala 
65 70 75 

Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Ser Val Thr Asp 
80 . 85 90 

Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn Thr 
95 100 105 

Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr Val Ala Leu Lys Arg- 
110 115 120 

Thr Gly Gin Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gin Lys 
125 130 135 

Ala lie Leu Phe Leu Pro Met Ser Ala Lys Ser 
140 145 
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Table 3 

Sequence No .3 

Length of sequence : 154 

Type of sequence : Amino acids 

Sequence 

Ala Ala Gly Ser lie Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly 
- 5 1 5 

Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg 
10 15 20 

Leu Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg lie His Pro Asp 
25 30 35 

Gly Arg Val Asp Gly Val Arg Glu Lys Ser Asp Pro His lie Lys 
40 45 50 

Leu Gin Leu Gin Ala Glu Glu Arg Gly Val Val Ser lie Lys Gly 
55 60 65 

Val Cys Ala Asn Arg Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu 
70 75 80 

Leu Ala Ser Lys Cys Val Thr Asp Glu Cys Phe Phe Phe Glu Arg 
85 90 95 

Leu Glu Ser Asn Asn Tyr Asn Thr Tyr Arg Ser Arg Lys Tyr Thr 
100 105 110 

Ser Trp Tyr Val Ala Leu Lys Arg Thr Gly Gin Tyr Lys Leu Gly 
115 120 125 

Ser Lys Thr Gly Pro Gly Gin Lys Ala lie Leu Phe Leu Pro Met 
130 135 140 

Ser Ala Lys Ser 
145 
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Tab 1 e 4 

Sequence No .4 

5 

Length of sequence : 7 

Type of sequence : Amino acids 

Kind of sequence : Peptide 

Fragment type : N-terminal fragment 

Sequence 

75 Ala Gly Ser lie Thr Thr Leu 

-5 

Tables 

Sequence No .5 

Length of sequence : 11 

25 

Type of sequence : Amino acids 
Kind of sequence : Peptide 
Fragment type : N-terminal fragment 
Sequence 

Gly Thr Met Ala Ala Gly Ser lie Thr Thr Leu 
-10 -5 

36 

Claims 

40 1. An agent for the treatment of bone diseases comprising as an effective ingredient a basic fibroblast 
growth factor and/or an analogue thereof. 

2. An agent for the treatment of bone diseases according to claim 1 , wherein said basic fibroblast growth 
factor and/or analogue thereof is a human basic fibroblast growth factor and/or an analogue thereof 

45 produced in a microorganism or a culture cell by genetic recombination technology. 

3. An agent for the treatment of bone diseases according to claim 1, wherein said basic fibroblast growth 
factor and/or analogue thereof is a human basic fibroblast growth factor and/or an analogue thereof 
produced In Escherichia coll by genetic recombination technology. 

50 

4. An agent for the treatment of bone diseases according to claim 1. wherein said analogue is a basic 
fibroblast growth factor, in amino acid sequence of which 1 to 6 amino acids are substituted with other 
amino acids and maintains the biological activity of said basic fibroblast growth factor. 

55 5. An agent for the treatment of bone diseases according to claim 4, wherein said analogue is a human 
basic fibroblast growth factor, in amino acid sequence of which 69 cysteine (Cys) and 87 cysteine (Cys) 
are substituted with serine (Ser). respectively. 
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6. An agent for the treatment of bone diseases according to claim 1. wherein said analogue is a 
polypeptide to which supplemental segment composed of 1 to 12 amino acids are added at the N 
terminus and/or the C terminus of said basic fibroblast growth factor. 

5 7. An agent for the treatment of bone diseases according to claim 6, wherein said analogue Is the one to 
which a segment composed of 8 amino acids having the following sequence: 

Ala Ala Gly Ser lie Thr Thr Leu 
10 -5-1 

Is added to a human basic fibroblast growth factor at the N terminus thereof. 

15 8. An agent for the treatment of bone diseases according to claim 6, wherein said analogue is the one to 
which a segment composed of 7 amino acids having the following sequence: 

Ala Gly Ser lie Thr Thr Leu 

20 

-5 -1 

is added to a human basic fibroblast growth factor at the N terminus thereof. 

25 

9. An agent for the treatment of bone diseases according to claim 6, wherein said analogue is the one to 
which methionine (Met) is added to a human basic fibroblast growth factor at the N terminus thereof. 

10. An agent for the treatment of bone diseases according to claim 6, wherein said analogue Is the one to 
30 which a segment composed of 1 1 amino acids having the following sequence: 

Gly Thr Met Ala Ala Gly Ser lie Thr Thr Leu 
-10 -5 -1 

35 

is added to a human basic fibroblast growth factor at the N terminus thereof. 

11. An agent for the treatment of bone diseases according to claim 1* which is in the form of a solution. 

12. An agent for the treatment of bone diseases according to claim 11, wherein at least physiological saline 
and/or buffer is contained, in addition to said basic fibroblast growth factor and/or its analogue. 

13. An agent for the treatment of bone diseases according to claim 1, which is in the form of a gel. 

14. An agent for the treatment of bone diseases according to claim 13, wherein at least fibrinogen, aprotinin 
and thrombin are contained in addition to said basic fibroblast growth factor and/or its analogue. 

15. A method for the treatment of bone disease which comprises applying an agent for the treatment of 
50 bone disease according to claim 1 to or around the affected site. 

16. A method according to claim 15. wherein said bone disease is traumatic fracture or fatigue fracture. 

17. A method according to claim 15. wherein said bone disease is pathologic fracture. 

18. A method according to claim 15. wherein said bone disease is bone defect. 

19. A method according to claim 15. wherein said bone disease is reduction in bone strength accompanied 
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by disease. 

20. A method according to claim 15, wherein said bone disease Is inhibition of bone formation accom- 
panied by disease. 
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